Continental arcs and island arcs, eventually accreted to continental margins, are thought 11 to have been the locus of continental growth since at least the Proterozoic eon. The Jurassic 12
two-stages of fractionation that implicate removal of garnet, varying in modal proportion up to 23 15%. Garnet-bearing cumulate rocks have not been reported from the Bonanza arc, but their 24 inference is consistent with our crustal thickness estimates from geological mapping and 25 geobarometry indicating that the arc grew to at least 23 km total thickness. The inference of 26 garnet-bearing cumulate rocks in the Bonanaza arc is a previously unsuspected similarity with 27 the coeval Talkeetna arc (Alaska), where garnet-bearing cumulate rocks have been described. 28
Geochronological data from the Bonanza arc shows a continuum in plutonic ages from 164 to 29 203 Ma whereas the volcanic rocks show a bimodal age distribution over the same span of time 30
with modes at 171 and 198 Ma. We argue that the bimodal volcanic age distribution is likely due 31 to sampling or preservation bias. East-west separation of regions of young and old volcanism 32 could be produced by roll-back of a west-dipping slab, fore-arc erosion by an east-dipping slab, 33 or juxtaposition of two arcs along arc-parallel strike-slip faults. 34
INTRODUCTION 36
The continental crust is thought to be broadly andesitic in composition and its lower 37 density compared to the underlying mantle has resulted in its preservation over geologic time 38 (Taylor, 1977; Rudnick, 1995; Rudnick and Gao, 2014) . Today, andesites that are similar in 39 composition to the bulk continental crust are formed in convergent margin settings (Arculus and 40 Mass Spectrometry. Specific details of Rb, Sr, Sm and Nd separation and analytical procedures 136 can be found in Creaser et al. (1997 Creaser et al. ( , 2004 . 137
Whole rock chemical and isotopic analyses from this study were combined with data 138 from all previous work (Larocque, 2008 (Fig. 2) . 154
All samples, except JL06-114, are similarly enriched in the large ion lithophile elements 155 (Rb, Ba, K, Pb and Sr) relative to MORB and show sharply negative Nb, Ta and Ti anomalies 156 (Fig. 3a) . Chondrite-normalized (Fig. 3b) REE patterns for the samples in this study all show 157 light REE (La to Sm) enrichment relative to the middle and heavy REE (Eu to Lu). The intrusiverocks, except JL06-114, overlap the volcanic rocks in all trace element abundances (Fig. 3) . 159
Sample JL06-114 is a layered gabbro (Larocque, 2008) and has major and trace element 160 concentrations, similar to the cumulate rocks from Port Renfrew ( Fig. 2 ; Larocque and Canil, 161 2010 ). Compared to rocks from the Talkeetna and Kohistan arcs, the Bonanza arc rocks show 162 restricted range of trace element abundances (Fig. 3c, d) . 163
The samples we analyzed (Fig. 1c) show a wide range in present-day Sr isotope ratios 164 ( Our compilation of geochronological data shows that the Bonanza arc intrusive rocks 171 have ages between 164 and 203 Ma (Fig. 1b) . The ages for volcanic rocks have an overall range 172 similar to that of the intrusive rocks but show a distinctly bimodal age distribution with peaks at 173 171 and 198 Ma. We note that intrusive rocks that have been dated are geographically 174 widespread across Vancouver Island, whereas the volcanic ages come mostly from samples 175 collected on northern Vancouver Island (Fig. 1a) . 176
177

DISCUSSION 178
The effect of crustal thickness on the chemistry of arc magmas has a long history of 179 study. In a classic paper, Miyashiro (1974) observed that as arc thickness increases, island arc 180 volcanic rock series shift from tholeiitic to calc-alkaline. In a compilation of data from >50 arcvolcanoes, Mantle and Collins (2008) and Klein, 2014). We used two different contaminants in the AFC model calculations (Fig. 4): the average of all the Devonian Sicker arc data (grey circle, solid lines) and the most isotopically 227 evolved Sicker arc sample (black circle, dashed lines). The latter provides the greatest isotopic 228 difference between melt and contaminant thereby indicating the minimum degree of 229 contamination. As liquid compositions will change with contamination, we avoid uncertainties 230 arising from resulting variations in mineral-liquid partition coefficients (D) by displaying the 231 results of the AFC models (Fig. 4) On the basis of our AFC models we argue that Bonanza arc magmas have undergone 249 minimal assimilation (contaminant-melt ratio <0.10) of Devonian Sicker arc material. 250
Assimilation of Karmutsen Formation rocks by Bonanza arc magmas would not be detectable by 251 the Rb-Sr and Sm-Nd isotopic systems due to the similarity in isotopic ratios between these 252 suites (Fig. 4) . However the similarity of the major and trace element geochemistry, Nd and Sr 253 isotopic ratios between the Bonanza arc and the uncontaminated Talkeetna arc ( (Fig. 6) . 292
Dysprosium is strongly positively correlated with Yb in the Bonanza arc rocks (Fig. 7a) . 293
The volcanic rocks and the 'normal Yb' intrusive rocks lie along regression lines with slopes of 294 ~1.6 and the 'low Yb' intrusive rocks lie on a shallower slope of 1.45 (Fig. 7a) To quantitatively determine the cause of the observed Dy and Yb variation, we have 301 modeled the Rayleigh fractionation of amphibole-and garnet-bearing assemblages from a 302 primitive parent liquid (Fig. 7b) , followed by fractionation of gabbroic assemblages from 303 intermediate liquids (Fig. 7c) . We assume a parent liquid composition (Table 4) determination (Irving and Frey, 1978) . The modes of the amphibole-bearing cumulate 312 assemblages used in the models (Table 4) Fig. 7c) . Removal of an apatite-titanite-garnet-hornblende gabbro assemblage 345 (Table 4) Fig. 8a ). Although some 366 of the low (Dy/Yb) N volcanic rocks are fit by the same models as the intrusive rocks (Fig. 8b) , 367 the high (Dy/Yb) N ratios of other volcanic samples necessitates a different fractionating 368 assemblage. We find that removal of a garnet gabbro assemblage with 13% garnet from a 369 fractionation (e.g. Jagoutz, 2010). We argue that this is due to the relatively small proportion of 375 garnet (1 -13%) that is removed, combined with the low partition coefficients for Yb in the 376 other fractionating phases (plagioclase, clinopyroxene and amphibole; Table 3 ), resulting in a 377 low bulk partition coefficient of Yb in the fractionating assemblage. 378
The models we present indicate that fractionation of hornblende-olivine orthopyroxenite 379 from a primitive liquid followed by the fractionation of clinopyroxene gabbro and apatite- Fractionation of such an assemblage from the modeled liquid would efficiently drive the 431 remaining liquid to low Yb and high SiO 2 compositions, similar to the spread of data in Figure 9 . 432
The requisite garnet-bearing assemblages are not observed in the Bonanza arc, but are similar 433 those used in REE modeling presented above (Fig. 7 and 8) . The absence of a garnet-bearing 434 cumulate assemblage in the Bonanza arc section maybe due to its high density compared with 435 the sub-arc mantle, resulting in the foundering of these rocks (Kay and Mahlburg-Kay, 1991 ; 436
Jagoutz and Schmidt, 2012). 437 438
Comparison to other arcs 439
The chemical composition of Bonanza arc rocks overlaps that of rocks from the 440 Talkeetna and Kohistan arcs in major element concentration (Fig. 2) and trace element 441 abundance (Fig. 3) . The Talkeetna and Kohistan arc data show much greater range and scatter in 442 (La/Dy) N and (Dy/Yb) N than do the Bonanza arc data (Fig. 8c) . We have not attempted to fit our 443 models to the Talkeetna and Kohistan arc data but we note that the data for those arcs are not 444 incompatible with our models (Fig. 7d, 8c) . Although not shown, we note that the hornblende 445 gabbro fractionation model that Jagoutz (2010) Bonanza arc and pre-Jurassic crust using constraints from geological mapping combined with 473 amphibole thermobarometry. Figure 10 shows the widths of all the Bonanza arc units along a 474 line perpendicular to the NW-SE strike of the Bonanza arc on Saanich Peninsula, southern 475
Vancouver Island. This region was chosen for this exercise because it is relatively free of 476 faulting that might otherwise distort the thicknesses of these units (Fig. 1, 10) show a continuous range of ages from 163 to 200 Ma, with a peak at 172 Ma (Fig. 1b) . The 509 distinctly bimodal volcanic age distribution may indicate that volcanism occurred as two separate 510 pulses within one arc, at 198 and 171 Ma, with an intervening quiescent period of ~10 Myr. 511
Another interpretation, linking the distinct spatial separation of regions exposing young and old 512 volcanic rocks on northern Vancouver Island (Fig. 1a) , is that what is presently called the 513 Bonanza arc was actually two geographically separate arcs that were active within ~10 Myr of 514 one another. In this interpretation, the two separate arcs are juxtaposed in the present day by 515 movement along arc-parallel strike slip faults. 516
The intrusive rock age distribution (n = 63, peak at 172 Ma) is skewed toward younger 517 ages, as expected from the greater preservation potential for younger rocks compared to older 518 ones. Contrary to the expectation that older rocks are less likely to be preserved than younger 519 ones, the volcanic rock age distribution (n = 31) shows that older ages are better represented than 520 younger ages in our compilation (Fig. 1b) . Thus, we argue that the bimodal age distribution of 521 the Bonanza arc volcanic rocks is not a true representation of their ages and is an artefact of 522 intensive sampling of those rocks in a limited geographic region compared to the geographically 523 comprehensive sampling of intrusive rocks (Fig. 1a) . We also cannot rule out preservation bias in 524 producing the bimodal volcanic age distribution as the trace of the Holberg Fault, running 525 through Holberg Inlet (Fig. 1a) , bisects the main region of measured volcanic ages. 526
The geographic distribution of the ages of Bonanza arc volcanic rocks on northern 527
Vancouver Island is sharply divided with young (i.e. ~171 Ma) and old (i.e. ~198 Ma) ages 528 northeast and southwest, respectively, of the trace of the Holberg Fault. The observed eastward-529 younging of the rocks can be produced by: 1) subduction in the west (present coordinates) of an 530 east-dipping slab combined with forearc erosion; or 2) subduction in the east of a west-dipping 531 slab that is 'rolling-back' (e.g. Gvitrzman and Nur, 1999). We are unable to distinguish between 532 the possibilities of slab rollback or forearc erosion as Jurassic forearc assemblages, which would 533 constrain subduction polarity have not been found on Vancouver Island (Canil et al., 2012) . On 534 the other hand, little is known about the timing and sense of displacement along the steeply 535 dipping Holberg Fault (Nixon et al., 2011a, b) but it may be a major strike-slip structure that 536 juxtaposed younger and older arc segments, thus increasing the width of the present exposure of 537 the Bonanza arc. A test of that idea, and how the Holberg Fault links with other major structures 538 that dissect the Bonanza arc, (Fig. 1) requires further investigation. 539
540
CONCLUSIONS 541
We have determined that <10% assimilation of pre-existing crust (Sicker arc material) is 542 required to explain the variations observed in Sr and Nd isotopes in rocks of the Bonanza arc. 543
Although comparisons of Bonanza arc geochemistry with that of the uncontaminated Talkeetna 544 arc are favourable, we are unable to conclusively rule out contamination of the former by the 545 isotopically similar Karmutsen Formation. The intrusive rocks of the Bonanza arc have high 546 (La/Dy) N and low (Dy/Yb) N , whereas both ratios are high in the volcanic rocks. Thus, two 547 separate fractionation models are required to predict the REE chemistry of the Bonanza arc 548 rocks: one model (garnet gabbro fractionation followed by clinopyroxene gabbro fractionation) 549 describes the chemistry of the majority of volcanic rocks and some intrusive rocks; another 550 model (hornblende-olivine orthopyroxenite fractionation, followed by apatite-titanite-garnet-551 hornblende gabbro fractionation) describes the chemistry of the majority of intrusive rocks and 552 some volcanic rocks. Both lineages implicate garnet as a fractionating phase, which is significant 553 as garnet-bearing cumulate rocks have not been described in the Bonanza arc and are a 554 previously unknown similarity with the coeval Talkeetna arc. Our estimates for the thickness of 555 the Bonanza arc and the pre-existing crust indicate that the base of the crust was likely deeper 556 than the 24 km (0.8 GPa) minimum limit for garnet stability, thereby supporting the garnet 557 fractionation models we have presented. Garnet-bearing rocks are not described in the Bonanza 558 arc and may have been lost by foundering into the comparatively buoyant underlying mantle 559 (e.g. Kay and Mahlburg- Kay, 1991) . 560
The Bonanza arc volcanic rocks show a bimodal age distribution due to sampling bias, 561 yet show an abrupt change to younger ages to the north of the Holberg Fault, on northern 562
Vancouver Island. This spatial distribution is either due to movement of the magmatic front with 563 time by fore-arc erosion or slab rollback during subduction, or the juxtaposition of separate arcs 564 by strike-slip motion on the Holberg Fault. Our geochronological compilation indicates that the 565 Bonanza arc was active from 203 to 164 Ma during which time the arc may have thickened 566 enough that the composition of later magmas was affected by garnet fractionation whereas 567 earlier magmas were not. The conclusive test of such spatio-temporal magmatic evolutiondepends critically on the comparison of geochemical and geochronological data, however the 569 number of samples for which both data are presently available is too meager to draw such 570 conclusions. Expanding this dataset could provide unique insights into the evolution of a 571 thickening arc and presents a potentially fruitful avenue for future work. 572
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